12. Lange LW, Sahn DJ, Allen HD, Goldberg SJ: The utility of subxiphoid cross-sectional echocardiography in infants and children with congenital heart disease. The angiographic studies were done using the angled angiographic techniques in three patients and the standard frontal and lateral angiographic views in seven cases. The atrial situs in seven patients was solitus, in one inversus, and in two it was ambiguus with left isomerism. In seven patients the usually large right ventricular chamber received two atrioventricular valves and in four patients, one atrioventricular valve was straddling. Three patients had atresia of one atrioventricular valve.
The trabecular pouch was small in seven patients but relatively large in three. In six patients the trabecular pouch was located posterior and to the left of the right ventricular chamber and in four anterior and to the right. Double outlet right ventricle was present in all cases. The aorta arose anteriorly to the pulmonary artery in nine patients and posteriorly in one.
An autopsy was performed in one case and its correlation with the angiographic findings was remarkable. The angiographic demonstration of the anatomical details of this entity and its associated anomalies was facilitated by angled angiography.
UNIVENTRICULAR HEART is a congenital malformation in which a single ventricular chamber receives the entire atrial outputs, through two atrioventricular valves or a common valve when one valve is absent. Three types of univentricular heart can be identified, depending on the anatomic features of the ventricular chamber receiving the valve or valves: left ventricular type, right ventricular type, and indeterminate type.
VOL 60, No 6, DECEMBER 1979 by a large chamber with the trabeculated pattern of the right ventricle receiving two atrioventricular valves or, in the absence of one valve, the sole atrioventricular valve.7' " Such hearts usually have a septal structure that extends toward the crux of the heart. A rudimentary chamber with the trabecular pattern of the left ventricle is present, but usually does not have either inlet or outlet portions. This chamber may be called a trabecular pouch. In rare circumstances the rudimentary chamber may have an outlet and is then termed an outlet chamber. We did not see such hearts in this study, but they have been described.8 Cases without rudimentary chamber were also excluded, since they cannot be differentiated from the indeterminate type with certainty. Cases with absence or atresia of one atrioventricular valve are included in this study only when an anatomic potential communication between the blind-ending atrium and thelarge ventricular chamber is demonstrated, or else when it was clear that the blind-ending atrium had no possible potential connection with the rudimentary chamber.
We use the terms dextrocardia and levocardia to indicate the position of the cardiac axis independent of the connections or relation of the heart chambers and great vessels. The relationship between the main and rudimentary chamber is described in terms of anteroposterior, superoinferior and right-left positions.
The atrioventricular valves are called right, left or common, according to their anatomic structure and their connection with the corresponding atrium. 9 We avoid the terms mitral and tricuspid because the morphology of the atrioventricular valves in univentricular hearts is usually not similar to that of the normal valves.'0 "1 Straddling atrioventricular valve is a condition in which the right or left atrioventricular valve overrides the septum to some degree.'2 We consider the straddling atrioventricular valve a transitional stage between the biventricular hearts and double inlet. We assign the straddling atrioventricular valve to the chamber underlying more than 50% of such valve."
The arterial connection establishes the anatomic relationship between the ventricular chambers and the great arteries. In this report, since by definition the arteries are related only to the main chamber, the connection is either double outlet or single outlet. In cases in which only one great vessel arises from the heart, we use the terms single outlet of the heart with pulmonary atresia or aortic atresia.
Material and Methods
Ten patients who had a main ventricular chamber with the morphological appearance of right ventricle and a trabeculated pouch with left ventricular morphology are the subjects of this study. This diagnosis was made angiographically. One patient also had an autopsy study.
Catheterization was performed with the patients under general anesthesia. NIH catheters were introduced from the saphenous vein in seven patients and from the axillary vein in three. This arrangement may be also in situs inversus or ambiguus.
patients and adults, 40-60 ml of contrast media per injection was delivered at 30 ml/sec.
Frontal and lateral views were used for cineangiograms in seven cases. In three cases, biplane axial angiography was used. The basic axial projections were the "four-chamber" and elongated right anterior oblique views.'4 In our series two of three patients studied with axial angiograms needed three injections of contrast media, and two injections were done in the third patient.
Angiographic Study
In the angiographic analysis of the univentricular heart, a specific protocol has been followed: 1) identification of atrial situs and its venous connections; 2) analysis of the number and mode of connection of the atrioventricular valves; 3) analysis of the ventricular anatomy including the rudimentary chamber; 4) analysis of the ventriculoarterial connections; and 5) associated anomalies. In each of these steps, the following angiographic features were considered for the final analysis:
Identification of the A trial Situs and Its Connections
The angiographic features leading to the diagnosis of the atrial situs have been previously reported.1' Angiographic demonstration of atrioventricular connections was made using procedures previously reported. 16 Analysis of the Number A.. The interrelation between the great arteries was as follows: In nine cases, the aorta and the pulmonary artery were at the same level in the craniocaudal plane; in the tenth case, the aorta was caudal to the pulmonary artery ( fig. 5B ). In the frontal plane, the aorta was anterior and to the left in five cases, anterior and to the right in four cases, and directly posterior in one case (table 1). The aortic arch was to the left in nine cases and to the right in the tenth case.
The most important associated anomalies in the series were: pulmonary stenosis seven cases; atrial septal defect six cases; left superior vena cava one case; absence of right pulmonary artery one case.
The angiographic pattern in this series was a densely opacified trabecular pouch and the great arteries in the presence of a poorly opacified main chamber during diastolic phase. This usually gives the appearance of two dense areas separated by a clear zone (figs. 6A, 6B, 7A and 7B). The main ventricular chamber thus cleared rapidly with the arrival of nonopacified blood from both atria. One case (patient 8) died after an attempt at surgical correction. The angiographic study ( fig. 7) showed: 1) Solitus of the atria, 2) univentricular heart with two atrioventricular valves entering the morphological right ventricle, 3) trabecular pouch with left ventricular morphology located inferiorly and to the right, 4) double outlet right ventricle with aorta anterior and to the left, 5) pulmonary stenosis, and 6) atrial septal defect. A summary of the pathologic findings is as follows ( fig. 8 9 and call them univentricular hearts, and specify which connection is absent.
The diagrams in figure 2 were made to clarify this complex cardiac malformation. We do not propose a new classification. Although there was no case with common atrioventricular valve in our series, we included it in the scheme because it is possible.
In the case in which an autopsy was performed, a very small and rudimentary papillary muscle was found in the trabecular pouch. This probably accounts for our failure to identify such structures in the cineangiography of this chamber. During cineangiography the trabeculated pouch remained opacified longer than the main ventricular chamber because of the relatively restricted septal defects that preclude free blood interchanges between the main chamber and trabecular pouch, and because, unlike the trabecular pouch, the nonopacified blood from the atria washes out the contrast media rapidly from the main chamber. The angiographic image at this stage is such that the opacified trabecular pouch and the opacified great arteries seemed to be separated from each other by the clear zone that represents the main ventricular chamber.
We believe that this type of univentricular heart can be diagnosed angiographically by its peculiar angiographic appearance. The main ventricular chamber that receives the two atrioventricular valves has the angiographic features of a normal right ventricular chamber and the presence of the trabecular pouch (rudimentary chamber) with left ventricular morphology makes certain the unequivocal diagnosis of univentricular heart of the right ventricular type.
